The kinetics of growth of conifers is modeled by the dependence of the area of tree rings on time. The data on the growth of 46 coniferous trees varying in age from 35 to 242 years, found in the literature are analysed. To identify the common patterns in the growth kinetics, we investigate the series of standard increments of tree rings for pine, spruce, and larch. The curves obtained reflect adequately the ontogeny of trees. These allow the analysis of the environmental effects' on the physiology of trees. In such a way the accelerated growth of trees in the Tunguska meteorite explosion zone is established. The proposed method of dendrochronology based on the area of tree rings is more adequate and informative than the method based on tree-rings' widths.
Introduction
The growth of coniferous trees is sensitive to a wide range of physical factors. The dominant factors include sunlight, temperature and humidity of the environment. These abiotic factors determine the kinetics of growth of tree rings. Their effect on the physiology of trees forms the main subject of dendrochronology and dendroclimatology. In the reconstruction of the chronological scales for different samples the reference points are formed by the years of drought or cooling, which reveal a sharp decrease in the growth (Kolchin & Chernih, 1977; Vaganov, 2007) . Other factors, inhibiting photosynthesis and growth include air pollution due to volcanic eruptions (Vaganov, 2000) .
The integral intensity of the incident light on the Earth surface varies in the range of 0.3% with a period of approximately 11 years. These variations are related to the Solar Activity (SA) in correlation with the number of sunspots (Wolf number-W). The SA influences the state of the magnetosphere and the living creatures, includ-ing humans (Martinyuk, 2008) . However, in the dendrograms the SA rhythms are masked considerably by complex regional climate changes. Even more difficult it is to identify in the dendrograms the other physical effects, other regional/cosmic factors (Lovelius & Kolesnikov) . These include local electric and magnetic fields, geosphere chemistry, radiation of terrestrial and cosmic origin. On the other hand, in some cases the origin and the nature of the factors that lead to some obvious changes in the kinetics of growth and in wood structure are still not clear, along with the mechanisms of adaptation to it. Such phenomena include the accelerated growth of trees in the area of the Tunguska Meteorite explosion (TM) (Site TM) , as well as the twisting of fibers in the wood of conifers (spirotropizm) (Kholmanskiy, 2009 ) and complex curving of tree trunks in some terrains.
In dendroecology the methods of statistical analysis (averaging, indexing) are used widely in the studies of various factors' impact upon the growth of wood in time, of the corresponding mechanisms and chronology (Lovelius & Kolesnikov; Lovelius & Lezneva) . These methods are justified in the construction of absolute dendrochronological regional scales. However, the smoothing of the curves of annual increments by methods of indexing and statistical averaging leads to losses. Thus, the information about the effects on tree physiology of the factors that have time-periods of the order of the averaging intervals (10 years), and even more the aperiodic ones gets lost. In whole, the frequency/amplitude parameters of various dendrochronologies, derived with the use of the statistical processing vary in very wide ranges, making the identification of any patterns very problematic (Demakov) .
In this paper, we study the growth kinetics on the basis of the data on tree physiology, using as the basic parameter the tree ring area instead of its width. In order to identify the common patterns of growth we analyze the data on series of standard increments of tree rings for conifers (pine, spruce, larch). For an illustration of the sensitivity of the method to physical factors, we studied the dynamics of the growth of trees in the area of the TM explosion with the help of the photographs of cross-section cuts for young trees and for those that survived the explosion.
Materials and Methods

Presentation of the Study Area
The data on the annual growth of trees we acquire from the literature. We use as examples − 15 pine and 23 spruce trees (Lovelius & Kolesnikov) in the country side of Zeleso Luga district, Leningrad region (58˚56' north latitude 29˚48' east longitude); − spruce in fir-wood and in bilberries forest (Lovelius & Lezneva) , Vologda region (~61˚40' north latitude ~37˚36' east longitude); − 242-Year-old larch (Lovelius, 2011) , East Taimyr, river basin Novaya (72˚30' north latitude); − cuts of trees from the Tunguska explosion zone (Figure 1 ) in the area of the Podkamennaya Tunguska River (60˚55' north latitude 101˚57' east longitude).
Mathematical Model of Growth
The annual growth of wood biomass can be specified by the formula:
Here <ρ> is the average density of wood, S i is the area of i-th ring of radius R i , h and d i are the height and the width of the i-th annual ring. The values of R i for the cross-sections of young trees and of the reference trees with known dendrochronology we calculated through the formula:
Values of d j we obtained from the tables provided in the papers (Lovelius & Kolesnikov; Lovelius & Lezneva; Lovelius, 2011) .
For the trees-survivors of the TM explosion we used the formula:
A. S. Kholmanskiy In Equation (2) R o is the radius of the annual ring that precedes the TM explosion (Figures 1(a)-(c) ). The value of h is proportional to the average length of the tracheids. Assuming <ρ> weakly dependent on R i , we find the proportionality M i~Si~Ri d i , where R i is calculated by the Formula (1) or (2) depending on the wood. The values of R o and d j were measured from the photographs of the cuts along several radii with the use of the program Adobe Photoshop.
The reference point for trees' dendrochronology from the TM blast zone is year 1908. After that the survivor trees grew faster significantly. As most of the photos of tree cuts had no length scale, we used the average values of growth increments from reference series to set the scales. The digitization of ring growth increments, the calculation of the corresponding areas, and curve plotting were performed with the use of Adobe Photoshop and Microsoft Office Excel.
Results
Photos of cuts of trees from the Tunguska explosion zone (Site TM) shown in Figure 1 . The comparative dendrograms of the changes of metric parameters for different trees are presented in Figures 2-4. Figure 5 demonstrates a typical growth curve that reflects the physiological stages of the development of a tree. Figures 2-4 shows that the increments of the area of tree rings reflect adequately the ontogeny and phylogeny of trees, in contrast to the dendrograms of radii increments.
Discussion
Аanalyses of the Forms of Dendrograms
Comparison of this curve to the dendrograms in
This may serve as a justification of the method of comparative analysis of the kinetics of biomass growth (~S) in standard and abnormal conditions. An example of such a comparison is provided by the dendrograms in Figure 4 . This comparison reveals the fact that the growth of trees in the area of the TM explosion was catalyzed by (Lovelius & Kolesnikov) ; 2-spruce in fir-wood (Lovelius & Lezneva) ; 3-spruce in bilberries forest (Lovelius & Lezneva) ; and 242-year-old larch (b) (Lovelius, 2011) . and roots' biomass growth; III-fruiting (breeding) phase; IV-stationary phase; V-degradation phase (Alechina, 2005) .
some factor, the effect of which fades in ~50 years after the TM explosion. This time period embraces the I -III physiological stages of young trees' growth or IV -V physiological stages of TM explosion survivor trees.
Physico-Сhemical Аnalyses of the Trophic Function of Merisystem
The adaptation of trees to the action of external factors is related to the changes in the trophic function of merisystem. This function is based on the following physico-chemical processes:
A-exchange of energy and matter with the external environment, B-transportation of products of photosynthesis and nutrients through the tree structure, C-intracellular metabolic reactions, providing growth and reproduction. The kinetics and energetics of all the three processes rest upon the molecular and electrophysical properties of water (Kholmanskiy, 2013; Medvedev, 2012) . The cellular metabolism (C-process) is limited by the B-process, which changes in the ontogeny and is more sensitive to the changes of the external factors than the A-and Cprocesses. As the water content of the conifer tissues is about 70% on average, they can be represented by a simple singly-connected heterogeneous electrolytic system (Kholmanskiy, 2013) . The content of mineral salts in the xylem sap is by one or two orders of magnitude higher than that in the soil. The key role in the mechanism of its movement is provided by potassium ions (Alechina, 2005) .
The Probable Mechanism of Adaptation of Trees
The key element of the cellular trophicity is its hormonal component. It is well-studied on the example of auxin-indoleacetic acid (IAA) (Alechina, 2005; Medvedev, 2012) . Auxin is synthesized in the leaves and is transported through the phloem with sucrose to all the points of growth down to those in the root system. IAA stimulates the hydrolysis of energy-rich molecules, the process of respiration, reduplication, elongation and differentiation of cells. Within the cell the IAA dissociates and launches the process of release of protons into the cytoplasm (up to 10 4 Н + per one IAA molecule) (Medvedev, 2012) . It also adjusts the permeability of the membrane Са 2+ channels. As a result, the proton potential of the membrane increases along with its permeability to water, sucrose and other metabolites (attraction effect). The trans-membrane transport of auxin is provided by protein-carriers. The distribution of the latter in the membrane and their efficiency are normally controlled by the genetic program. The polarization of the membrane and the intracellular dynamics of the metabolites in external fields (gravitational or electric) affect the activity of IAA (Medvedev, 2012) . That leads to an increase/decrease of the attraction effect and can change its localization on the cell membrane. Thus, geotropizm and various deviations in the morphology and ontology of trees are realized under significant changes of the environment.
It is obvious that the explosion TM and subsequent a fire initiated a significant change environmental factors as well as the composition and electrophysics, soil and atmosphere (Site, TM, Kolesnikov, 1982 , Kholmanskiy, 2009 . After the explosion habitat relax to its original condition within 50 years. It can be assumed that these changes in environmental factors influence the kinetics of A-, B-and C-processes that led to the accelerated growth of the trees in the area of the explosion TM (Figure 1 & Figure 3 ).
Conclusion
In the present work, we provide the dendrochronological analysis of the growth of 46 coniferous trees (pine, spruce, larch). These are growing in north latitudes from ~30˚ to ~100˚ east longitude, and their age ranges from 35 to 242 years. The kinetics of their growth was modeled by the dependence of the area of their annual rings on time. The kinetic curves obtained reflect adequately the ontogeny of trees and allow the proper explanation of the tree physiology dependence on external conditions and on age. The method of dendrochronology, proposed in this article is physiologically adequate and, we believe, more informative than the method based on tree-rings' widths.
